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Figure 3. Similar distortion trends were observed for T2-weighted imaging, with lower 

variability between needle measurements. 

Figure 2. Distortion increased approximately linearly with radial distance from isocentre.  

• MRI is increasingly being adopted for gynecological 

brachytherapy (BT) due to superior soft tissue 

visualization and the potential to support MRI-only 

treatment planning1. 

• Eliminating CT may reduce multimodal imaging 

uncertainty and improve clinical efficiency2.

• Geometric distortions in MRI are known to increase 

with distance from the magnetic isocentre3.

• Spatial accuracy is particularly relevant for 

procedures involving laterally displaced needles. 

• The Syed-Neblett template may involve positioning 

needles at a larger peripheral extent from the vaginal 

axis (>5 cm peripherally), potentially increasing 

distortion-related reconstruction uncertainties. 

How does geometric distortion in 3 T MRI 

change with increasing distance from 

isocentre in interstitial brachytherapy cases?

• MRI geometric distortion remained within clinically 

acceptable limits across the investigated treatment 

region.

• These findings establish a foundation for validating 

MRI-only Syed-Neblett reconstruction and clinical 

implementation of MRI-only gynecological 

brachytherapy.

Quantifying MRI geometric distortion provides 

confidence that MRI-only interstitial 

brachytherapy can be advanced with clinically 

acceptable geometric accuracy.

• MRI geometric distortion was evaluated using an 

interstitial (IS) gel phantom (Figure 1a) containing 

embedded BB fiducials at known locations to 

provide geometric reference. 

• CT, T1- and T2-weighted MRI were acquired. 

• CT served as the geometric ground truth.

• Point-to-reference distances between IS needles 

and BBs were measured on each image set. 

• MRI measurements were compared with CT to 

quantify geometric distortion.

• Distortion was evaluated as a function of radial 

distance from magnetic isocenter.

• MRI geometric distortion increased with radial distance from isocentre for 

both T1- and T2-weighted imaging (Figures 2 and 3). 

• Linear regression demonstrated a positive relationship between radial 

distance and distortion for all evaluated needles (Table 1), indicated on the 

graph as the dashed trendlines. 

• Individual needle trendlines demonstrated some variability in distortion 

magnitude, although all followed the same overall increasing trend. 

• T1-weighted imaging demonstrated distortion slopes ranging from 0.0007 to 

0.0436 mm/mm. 

• T2-weighted imaging demonstrated distortion trends ranging from 0.0055 to 

0.0185 mm/mm.

• The largest distortions were generally observed at greater radial distances 

from isocentre.
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• Geometric distortion increased with radial distance 

from isocentre for both T1- and T2-weighted MRI.

• Variability between needle trends suggests distortion 

is influenced by factors beyond radial distance alone.

• All measured distortions remained below the 2 mm 

tolerance generally considered clinically acceptable 

for high-dose-rate BT4, supporting continued 

development of MRI-only workflows.

Figure 1. (a) Interstitial gel phantom containing Syed-Neblett 

template and BB fiducials. (b) CT image of phantom providing 

labelling of needles and BB reference.

Table 1. Linear distortion slopes (mm/mm) for each needle in T1- 

and T2-weighted MRI.
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